-Myocardial protection by preconditioning. Experimental and clinical significance-.
Short periods of ischemia render the myocardium more resistant to a subsequent prolonged coronary occlusion resulting in a reduction of infarct size. This cardioprotective mechanism has been called ischemic preconditioning. Acute myocardial ischemia results in a rapid decline of high energy phosphates. After short periods of ischemia the high energy phosphate levels are better preserved and the increase of lactate is slower during the prolonged subsequent ischemia in the preconditioned group compared to control. The duration of ischemia needed for induction of the protective effect is 2.5 min in dogs and 20 min in our swine model. In porcine myocardium the protection is lost about 1 h after induction and a renewal is not possible at that time, but is 24 h later. For rabbits or dogs, but not in pigs, a late protection 24 h after induction or preconditioning has been shown ("second window of protection"). Adenosine or adenosine A1 receptor agonists, muscarinic M2 receptor agonists, alpha 1-receptor agonists and bradykinin B2 receptor agonists as well as opening of the K+ATP-channel substitute for ischemia in the induction of protection. Activation of protein kinase C results in protection in rats and rabbits, but not in dogs or pigs. Inhibition of protein kinase C translocation or kinase activity results in a loss of the protection induced by preceding ischemia. After blockade of the K+ATP-channel the protection induced by adenosine A1 receptor activation is lost. Therefore opening of the K+ATP-channel is a prerequisite for induction of the protective effect. Inhibition of the inhibitory G-protein by pertussis toxin has been shown to result in a loss of protection, therefore the Gi-protein seems to be involved in the evolution of protection. In humans during coronary angioplasty anginal pain and lactate production during a second balloon occlusion is diminished without any change in the regional myocardial perfusion. This adaptation is inhibited by blockade of the K+ATP-channel or of the adenosine A1 receptor. Intermittent cross-clamping before a longer occlusion during open-heart surgery results in a better preservation of high energy phosphates compared to controls without preceding short ischemia. These observations support the hypothesis that ischemic preconditioning also occurs in humans. Angina pectoris preceding the myocardial infarction may have preconditioned the human heart against the subsequent myocardial infarction, but studies concerning the influence of angina pectoris on short-term outcome after thrombolysis are conflicting. In the future, ischemic preconditioning or preconditioning with drugs may prolong the duration of ischemia tolerated without necrosis and improve the prognosis of patients by reducing the infarct size.